Objectives-In response to a previous finding of increased mortality from lymphohaematopoietic (LH) malignancies, this study examines incidence of LH malignancy in a petrochemical industry cohort. Emphasis is on chronic lymphocytic leukaemia (CLL) and on comparisons by period of first employment. Conclusion-These findings do not suggest a continuing excess of CLL but do suggest a small increase in incidence of overall LH malignancy for workers first employed before 1950. This may reflect associations with earlier workplace conditions, although work related patterns are mixed. Interpretation is limited by the diverse group of diseases within LH malignancies, and the lack of control for non-work factors other than sex, age, race, and period of diagnosis. This study has a major advantage of more complete and reliable cancer ascertainment compared with the mortality investigation, and shows the feasibility and benefits of using cancer registry incidence data in an occupational cohort study. (Occup Environ Med 2000;57:605-614) 
A recent study found a significant, 3.5-fold increase (95% confidence interval (95% CI) 1.68 to 6.45) in deaths from chronic lymphocytic leukaemia (CLL) among male workers at a refinery and chemical plant in Baton Rouge, Louisiana.
1 Ten deaths from CLL were found compared with <3 expected deaths based on the Louisiana male population. All CLL decedents were first employed before 1950 and had at least some work in refinery or chemical plants as handymen, mechanics, or operators. No obvious patterns were found with specific jobs or work areas. Lower, non-significant increases were found for other lymphohaematopoietic (LH) malignancies, including non-Hodgkin's lymphoma (12 observed versus nine expected) and acute myelocytic leukaemia (eight observed versus five expected).
We decided that a study of cancer incidence would be the most eVective way to follow up the mortality study, for several reasons: (a) a case-control study of specific exposures in workers first employed before 1950 was not feasible; (b) a cancer incidence study could examine risk in more recent workers as well; and (c) cancer incidence studies examine a more complete range of cases (fatal and non-fatal ) with generally more reliable and detailed cancer diagnoses. Fortunately, Louisiana has a high quality, population based tumour registry that covers Baton Rouge, and former workers typically continue to reside in Louisiana where their cancers would be registered.
This study examines whether the incidence of CLL and other LH malignancies is consistent with previous mortality findings, and evaluates possible eVects of period of first employment and other surrogates of exposure.
Methods

STUDY POPULATION AND DATA ON EMPLOYEES
Eligible subjects were drawn from two existing company cohorts that contained employees from the Baton Rouge facility: (a) refinery and chemical plant workers from three United
States locations who worked for at least 1 month during 1970-82 [2] [3] [4] ; and (b) United States based employees who worked for at least a day between 1979 and 1992. 5 Both source cohorts were defined from company payroll records and are fully described elsewhere.
4 5
Other inclusion criteria for the present cohort were being alive on 31 December 1982, and having current or final company employment at Baton Rouge or some active Baton Rouge employment during the 1983-94 study period. Before analysis, 167 people were excluded, including employees residing in the neighbouring state of Mississippi , those of "other race" (other than white or African-American), and one person with a cancer diagnosis before employment. The final study population was 8942.
All demographic and work history data were obtained from company payroll records. Work histories for the older refinery and chemical worker cohort were limited to start and stop dates for Baton Rouge work periods and an abstracted "most common" job category-for example, process operator. By contrast, the more recent source cohort had detailed work history records from 1979 forward, including all changes in general job location and job category: 53% of subjects are in both source cohorts. To capture earlier and presumably more exposed jobs, analyses of job type used the most common job category when possible and job category at first employment for those only in the more recent source cohort.
A retirement benefits database contained last known address for 57% of retired workers in the present study. The company payroll database included final postal address for 65% of workers who had left work before retirement. Address information was more likely to be missing for employees who left the company before 1979.
Information on specific exposures and potentially confounding factors (other than age, sex, and race) was not available on a consistent basis for this cohort.
DATA ON CANCER INCIDENCE
The Louisiana tumour registry (LTR) provided information on: primary site, histology, behaviour, sequence (first or subsequent primary), diagnostic confirmation, date of diagnosis, and county (parish) of residence. The LTR staV performed record linkage for the period of 1983 (earliest year of available records) to the end of 1994. Data on cancer incidence for north Louisiana were not available for years before 1988.
The LTR performs active surveillance by collecting cancer data from hospital records, and also obtains cancer information from several other medical sources. Louisiana death certificates are also routinely checked by the LTR for deaths from cancer. Those not already registered as incidence cases are followed back for additional information, and if none is found, are registered as death certificate only cases in LTR.
DATA PROTECTION AND DATA QUALITY The study protocol was approved by the Institutional Review Board (IRB) at the Louisiana State University Medical Center. The collaborative company and registry research team developed a memorandum of agreement and procedures to ensure data security and protect privacy of study subjects. Study procedures were carried out according to the good epidemiology practices developed under the Chemical Manufacturers' Association. 6 All work history records were systematically reviewed for accuracy and logic, with manual review of inconsistent records and decisions made by the same epidemiologist and analyst team. The LTR data have been subject to extensive quality control procedures 7 and have met high quality standards for inclusion in national and international summaries of cancer registry data. 8 9 
ANALYSIS
Subjects entered into follow up on 1 January 1983 or date of first employment, whichever was later. Standardised incidence ratios (SIRs) were calculated as observed/expected cases of cancer. A modified life table approach was used to determine expected numbers by multiplying person-years at risk, stratified by sex, race (white or black), five year groupings of age, and intervals of year of diagnosis (1983-7, 1988-92, 1993-4) , by the corresponding south Louisiana cancer incidences. All analyses used the occupational cohort mortality analysis program (OCMAP) from the University of Pittsburgh, 10 with modifications to accommodate a cancer incidence analysis. The SIRs (95% CI) were calculated in OCMAP with an exact method 11 for results with at least five observed or five expected cases.
The SIR analyses were performed for sex/race categories and for surrogates of general exposure including period of first employment, job type, duration of employment, and time from first employment to diagnosis (latency). A cut oV point of before 1950 and >1950 was chosen for period of first employment, based on the previous mortality study in which all CLL decedents were first employed before 1950. Considering the uncertainties about latency periods and durations of exposure for various LH malignancies, and the wide range of latencies and durations in our study cohort, we chose conventional 20 year cut oV points for these analyses.
The LTR provided incidences for overall cancer and LH malignancies and subtypes. For ease of use in the OCMAP software, rates were converted from international classification of diseases (ICD) oncology codes used by the LTR (ICD-O-1 for 1983-87 and ICD-O-2 for 1988-94), to ICD 9th revision (ICD-9) codes. [12] [13] [14] Most LH categories were determined by conventional ICD-9 groupings, except for non-Hodgkin's lymphoma (NHL) which was possible to define more precisely with the specific morphological codes of ICD-O-2.
As the LTR cancer incidences include multiple primaries, observed counts for SIR calculations included them as well. Follow up time was handled as follows: (a) for overall cancer and all LH malignancies, follow up continues past the date of diagnosis to account for the possibility of another primary cancer; and (b) for specific cancer subtypes, follow up ends at date of diagnosis, because the LTR does not register the same LH subtype as a second primary, according to rules of surveillance, epidemiology, and end results (SEER). 15 A National Death Index search was conducted to the end of 1994 to provide precise end points of follow up time for cohort members who died during the study period.
If cohort members migrated from Louisiana after employment ended or when out of state gaps occurred during active employment, person-time in Louisiana was over counted, leading to overestimated expected numbers and underestimated SIRs. A stepped analytical approach was taken to counteract this potential bias. An initial analysis assumed that all time after leaving work was spent residing in Louisiana. Subsequent analyses truncated persontime spent outside Louisiana as indicated in work histories and available (albeit incomplete) address information for retired workers and those who left the company before retirement. These truncations resulted in the elimination of 8% of person-time and loss of eight cases of cancer (none were LH malignancies). The resulting increases in SIRs for the entire cohort were 2% for all cancers and 5% for all LH malignancies, and for men, 3% and 4%, respectively. Subsequent analyses applied the four conditions for truncating person-time (reported in this paper).
Results
POPULATION CHARACTERISTICS AND CASES OF
CANCER
The study cohort was predominantly male and white, with about a third born before 1940, and most others born in the 1940s and 1950s (table 1). There was low recruitment in the 1950s and peak hiring in the 1970s. About 60% of the cohort had first job (and usually all jobs) as operators, mechanical workers, or other plant jobs. Another 30% were professional and technical. Sixty per cent of subjects entered into follow up before the age of 40, and active work time accounts for 62% of follow up time during the study period. The (mean) duration of follow up was 9.6 years for workers first employed before 1950 and 10.5 years for those first employed in 1950 or later.
A total of 672 cases of cancer among 628 people were identified, including 586 single, 40 double, and two triple primaries. Men had 643 (96%) of the total 672 cases of cancer and contribute 80 000 of the total 92 000 person-years of follow up. As seen in table 2, retired workers comprised only 31% of the cohort but had 90% of the cancers, and workers first employed before 1950 comprised 24% of the cohort and had almost 80% of the cancers. Cancer distributions by job type were generally similar to the proportions of the cohort in each category-for example, 54% of cohort members were process operators or mechanical workers, and contributed 59% of cancers).
CHARACTERISATION OF CASES OF LYMPHOHAEMATOPOIETIC MALIGNANCY
Fifty nine cases of LH malignancy were identified among 58 people. Table 3 shows diagnostic categories, counts, and morphological descriptions of these cases. Non-Hodgkin's lymphoma accounted for 42% of total LH cases, leukaemia for 29%, and multiple myeloma for 15%. The predominant NHL subtype was reticulosarcoma, primarily of the histiocytic cell type. Chronic leukaemias were more common than acute leukaemias.
We examined diagnostic agreement among the 35 incident cases of LH malignancy that also had company death certificate records. Seven incident cases of LH had non-LH underlying causes of death. Among the remaining 28 for whom LH diagnoses could be compared, 10 had an LH match to the fourth digit of ICD-9, four matched to the third digit, and the other 14 matched only to the broad LH category-for example, leukaemia. Notably, nine of the 10 cases with cause of death in the non-specific category of other lymphomas (ICD 202.8), had LTR diagnoses in more specific categories of reticulosarcoma or lymphosarcoma (ICD 200.0 and 200.1). Only one LH based on 27 cases. Four cases were LH malignancies (versus 2.28 expected), of which three were reticulosarcoma (versus 0.22 expected). The three cases were oYce workers and had no patterns in period of first employment or work location. The small numbers precluded further analysis of women, and the rest of the report presents findings for men. The SIR for overall cancer among the 7773 white and black men was 0.97 (table 4) . For combined LH malignancies and broad LH categories, observed numbers were higher than expected numbers. The SIR for leukaemia did not include two cases of hairy cell leukaemia (202.4), which were classified as other lymphoid in ICD-9 but considered to be a leukaemia in ICD-O-2. When this category was included, the SIR for leukaemia increased from 1. 29 
Findings for white men, who had 89% of male cases, were essentially the same as for all men. Among black men there were 72 cases of cancer, including eight LH malignancies versus five expected. These included two cases of NHL, three multiple myeloma, and three leukaemia, all with observed numbers slightly larger than expected. Table 5 shows demographic and job characteristics of the 54 men diagnosed with LH malignancies (one man had two LH diagnoses). Cases were predominantly born before 1920, first employed before 1950, employed for at least 20 years, and diagnosed after more than 40 years after first employment and at the age of 50 or older.
Period of first employment
Workers first employed before 1950 had an SIR near unity for overall cancer, and 1.4-fold increases across broad LH categories (table 6) . Four of the five cases of CLL were first employed before 1950 (versus 3.27 expected). Workers first employed after 1950 had SIRs well below unity for overall cancer and all LH malignancies. Case numbers were small for LH categories, and the SIR for NHL was particularly low.
Job type
The SIRs for overall cancer and combined LH malignancies were near unity and similar across job type (table 7) . Some LH categories had slight increases but 95% CIs were wide. Numbers were too small for meaningful analysis of leukaemia subtypes. The five CLL cases had jobs as process operator or labourer. A separate analysis by job type was done for workers first employed before 1950 (not shown), and findings were essentially the same as those in table 7.
Time since first first employment (latency) and duration of employment
Most cases of cancer (80%) occurred with a latency period>40 years, which had a significant 1.5-fold increase for combined LH We also examined latency eVects among workers first employed in or after 1950, for <20 years versus >20 years since first employment (not shown). No marked diVerences were found, although small numbers precluded meaningful analysis for all but LH malignancies combined and overall cancer.
Finally, we checked for possibly underestimated SIRs due to inclusion of recently or briefly employed people who had not worked long enough or had enough time to develop a work related cancer. In three separate analyses that excluded all person-time of: (a) <5 years job duration; (b) <10 years job duration; or (c) <5 years job duration and <10 years latency, there were virtually no changes in SIRs.
B cell malignancies
A separate analysis was performed for combined LH categories of B cell origin, including CLL, multiple myeloma, selected NHL (reticulosarcomas and lymphosarcomas and nodular follicular lymphoma), hairy cell leukaemia, and plasma cell leukaemia. Twenty nine of the 55 cases of LH malignancy were B cell malignancies, versus 22.36 expected, for a non-significant SIR of 1.30. Results of analyses for period of first employment, latency, and duration of employment were generally similar to findings for all LH malignancies. Process operators had 13 observed cases versus 5.63 expected (significant) whereas mechanical workers had three observed cases versus 8.28 expected.
Discussion
Overall, we did not find the excesses of LH malignancy observed in the previous mortality study, although considerable diVerences were found in analyses by period of first employment. Findings were more stable for those first employed before 1950; meaningful analysis of later workers was limited to overall cancer and combined LH malignancies.
ALL CANCER COMBINED
The higher SIR for overall cancer among workers first employed before 1950 versus 1950 or later (1.04 and 0.75, respectively) may be due to one or more of the following: (a) diminished healthy worker eVect in older workers; (b) somewhat higher proportions of plant versus oYce workers in the earlier group; and (c) generally lower workplace hazards in more recent work environments. The SIR near 1.0 for overall cancer in the current study is similar to findings in the health watch study of more than 15 000 male Australian petrochemical workers studied from 1981 to 1989 16 and for a cohort of 9454 male and female Finnish oil refinery workers studied from 1971 to 1994. 17 We also reviewed 27 studies of cancer incidence published since 1985 (identified by Whorton and Stout, as part of the Chemical Manufacturers' Association health studies inventory summary report, 1998) and found SIRs for overall cancer ranging from about 0.8 to 2.0, with most between 0.9 and 1.2. Thus, overall cancer SIRs seemed generally higher than standardised mortality ratios (SMRs) which are typically around 0.85 in petroleum industry cohorts. 18 19 This suggests that workers' better access to medical care has a diVerent eVect in studies of mortality and incidence-namely, a survival advantage in cancer mortality versus greater detection of cancer occurrence.
LYMPHOHAEMATOPOIETIC MALIGNANCIES
Of the 55 cases of LH malignancy detected in this study, 21 overlap with the previous mortality study; thus, these findings are not completely independent from the earlier study. The 1.4-fold increase of LH malignancies combined was found among workers first employed before 1950 and is similar for subtypes of NHL, multiple myeloma, and leukaemia, although non-significant. Work related patterns were mixed. The moderate associations with early first employment and with long latency could reflect greater exposures in earlier work eras. A duration of employment eVect (>40 years latency) is also suggestive, although based on small numbers. Plant workers do not seem to have generally higher SIRs than oYce based workers, which argues against a workplace eVect.
Alternate explanations for this result include chance and eVects of one or more biases. A diagnostic bias is possible. 20 During the 1970s and 1980s, company physicians routinely referred cases of blood disorder to a haematology oncologist, and this may have increased the likelihood of diagnoses of LH malignancy in the cohort compared with the general population. Slightly increased SIRs may also be explained by uncontrolled confounding; we could not assess whether hypothesised risk factors such as previous infections, family history, or aspects of lifestyle may have a slight to moderate eVect on the SIR. Finally, our ability to interpret this finding is limited by the separate disease entities and variety of possible aetiologies within LH malignancies.
In the published literature, results are mixed among the few reports of incidence of LH malignancy in petroleum workers. The Australian health watch study reported 26 LH malignancies, including non-significant twofold increases for NHL and multiple myeloma, based on 10 and four cases, respectively, and a threefold excess for all leukaemia based on 12 cases (primarily myeloid leukaemia). 16 The study of Finnish oil refinery workers reported 28 cases of NHL, leukaemia, and Hodgkins disease combined, with no leukaemia excess (nine cases) and a borderline significant twofold increase of NHL among male blue collar workers (SIR decreases with increasing duration of employment). 17 An investigation of 19 000 service station workers from four Nordic countries 21 reported SIRs at 1.0 or below for all categories of LH malignancy, except for a non-significant SIR of 1.4 for AML (13 cases) .
Most mortality studies of petroleum workers have SMRs near unity for combined LH malignancies, although many have slight to moderate increases for one LH subtype or another. 18 19 These inconsistencies probably relate to coding problems as well as diVerences in exposures, varying cohort characteristics, and chance associations possibly resulting from multiple comparisons. Overall, considering the various, although inconsistent increases reported in the mortality publications and the established association between AML and high exposure to benzene, the possibility of some excess of LH malignancies among petroleum workers first employed before 1950 cannot be ruled out.
Study findings for workers first employed after 1950 are more relevant to recent workers and working conditions. Although the low SIR for LH malignancies combined was not significant, the upper confidence interval of 1.33 argues against substantially large risks. The SIRs remained low for latency periods of 20 years or more. Others have noted the diYculty of interpreting trends of decreasing risk with later employment, either jobs in later eras entail less risk, or more recent employees do not have suYcient latency or cumulative exposure. 16 Such trends may also be explained by changes over time in factors of the study population versus the general population (case ascertainment, diagnoses, non-work related factors).
CHRONIC LYMPHOCYTIC LEUKAEMIA (CLL) There is no overlap between the five incident cases of CLL in this study and the 10 CLL decedents found previously. The SIR near 1.0 for workers first employed before 1950 (four observed versus 3.27 expected) contrasts with the 3.5-fold mortality excess in the previous study. One possible explanation is that the mortality study shows a true increase in early workers from occupational or other risk factors; followed by a return to baseline occurrence of CLL for a latency period of >40 years as found in the current incidence study.
An alternative explanation is that occurrence of CLL is not related to occupational settings in earlier eras, but that mortality detection or survival of CLL cases is somehow related to employment. One possibility is the diagnostic bias already discussed. Another possibility is that the higher mortality patterns that have been found among workers first employed during the second world war 22 23 may be explained by their overall poorer health than those active in the war, or to diVerences in exposures or processes in wartime versus other periods. Attempts at more precise interpretations are speculative considering the complexities of directly comparing findings of incidence and mortality (diVerences in completeness of ascertainment and quality of diagnoses, variation between employed people and the general population, and the diVerent periods of the two studies).
There are no clearly established relations between CLL and work in the petrochemical industry. In general, mortality analyses of petroleum worker cohorts have not suggested excess CLL. A meta-analysis of leukaemia subtypes among United States and United Kingdom petroleum worker cohorts found an overall non-significant SMR of 0.84 for CLL, based on 83 deaths. 24 Since that review, an analysis of 81 746 United States petrochemical company employees followed up from 1979 to 1992 found a non-significant increase of 1.81 for CLL among workers first employed before 1960, with no patterns among the 11 cases in jobs or work locations. 5 A 50 year mortality study of 17 844 petrochemical workers in Texas found a significant deficit of three observed versus 10 expected deaths. 25 Most recently, a 1947-93 follow up study of 28 840 petroleum industry workers found a nonsignificant deficit of CLL (13 observed versus 15.8 expected) among white men first employed before 1950. 26 Information on incidence of CLL in petroleum workers is scant. The Australian health watch study reported four observed versus 1.4 expected cases of lymphocytic leukaemia. 16 A non-significant SIR of 0.8 was reported for CLL among male service station workers (eight cases). 21 A few focused case-control studies of CLL that considered (to a limited extent) specific exposures have not shown a consistent pattern of chemicals implicated. [27] [28] [29] A more recent nested case-control study of petroleum distribution workers in the United Kingdom examined associations between leukaemia and quantitative estimates of personal exposure to benzene. 30 Analysis of 31 cases of CLL and matched controls found associations with longer job duration and white collar work. These workers had only background exposure to benzene, and CLL did not increase with increasing exposure to benzene. Another nested case-control study of several petroleum company divisions found a non-significant odds ratio of 2.0 for lymphocytic leukaemia among workers in the marketing division, based on 10 cases in that division. 31 NON-HODGKIN'S LYMPHOMA (NHL) Although the overall SIR for NHL was an unremarkable 1.06, there was a deficit of the non-specific subtype of other lymphomas and an increase of a more specific subtype of other named variants. This may be explained by diagnostic and coding diVerences for cohort cases versus the general population: if a report for an otherwise non-specific malignant lymphoma (202.8) had any information about a specific cell type, it should have been coded to 200.8. As employed people are thought to have generally better access to medical care, this is probably an example of diagnostic sensitivity bias. 20 
B CELL MALIGNANCIES
Results for B cell malignancies combined were essentially the same as for all LH malignancies, which does not lend support to recent suggestions of links between malignancies of lymphocytic cell lines and employment in the chemical industry. 32 33 The increase in the present study among process operators contrasted with the unusually low SIR for mechanical workers; this may be due to misclassification of job type in early workers.
STRENGTHS AND LIMITATIONS
This cancer incidence study was more informative than the previous mortality analysis for several reasons. We were able to obtain more complete case enumeration which is especially important for cancers with relatively good survival. For example, 5 year survival of CLL was 71% in the United States during 1989-94. 34 Another advantage is the generally more accurate and specific diagnostics of incidence cases, as found in our comparisons of diagnoses of LH cases between the LTR and death certificates. Study of incidence also entails less selection bias toward severe (fatal) cases, and the use of an earlier end point allows more timely study of relatively recent workers.
On the other hand, cancer incidence studies in the United States are limited by the lack of a national database. Reliance on a state cancer registry requires investigation of completeness of case catchment among state residents and among the study cohort. Regarding capture in the state, an external audit of the LTR ascertainment found a capture rate of 97.6% for the three cancer sites investigated. 7 We were concerned that cohort cases may be missed in the 1983-7 period when north Louisiana did not have cancer registration, but north Louisiana's contribution to cohort cases seems to be minimal. Among 468 cases ascertained by the LTR for the cohort in 1988-94, only three were from north Louisiana (0.65%); this suggests a negligible impact over the entire 1983-94 period. (Also, fewer than 1% of the cohort's Louisiana deaths occurred in north Louisiana.)
Other indicators of good case capture in the study cohort are the reasonably similar findings for the cohort as for south Louisiana and the Baton Rouge region regarding: (a) distributions of broad LH categories; (b) mortality/ incidence ratios for all cancer and all LH malignancies; and (c) percentage of multiple primaries during 1983-94 (7% in the study cohort versus 5.7% in south Louisiana).
Finally, we checked case capture by comparing the 291 company known cancer deaths to cases identified by the LTR. We found 223 matches, 11 out of state deaths, one death before 1988 in north Louisiana, and 56 unexplained non-matches. Since the LTR excludes death certificate only cases when evidence is found to rule out their inclusionfor example, diagnosis before the catchment period or non-Louisiana residence at diagnosis-these 56 cases may have been excluded for such reasons. Thirty seven of the 56 non-matches died within 5 years of the LTR catchment (1983) so their diagnoses may have preceded 1983. Among the other 19 (who died between 1988 and 1994), at least 11 had cancer types that could have long survival-for example, colon or prostate cancer. In the absence of diagnostic or address information to confirm or refute the LTR exclusions, we cannot rule out the possibility that some cohort cases were missed. But we have no reason to think that the proportion of missed cases would be diVerent for the cohort than for the south Louisiana general population.
Another concern is migration of employees out of Louisiana. Our data suggest that potential for bias due to cohort migration is low. The strongest support is that according to place of death (state) on death certificates, only 4% of cohort deaths between 1970 and 1992 occurred outside Louisiana. Among retired workers with known addresses, only 6% lived outside Louisiana. Workers who left the company before retirement seemed to have migrated to a greater extent; among those with known departing address, 27% lived outside Louisiana. However, the impact of this migration on SIRs was probably low. We estimate that only 5% of the cohort's cases of cancer were among men who left work before retirement (90% of their person-time was for age 50 and younger). Thus, migrants from this group may account for about 1%-2% of all cancers in the cohort. (We note that eVects of these men will increase over time as they age and become more susceptible to developing cancer. For this reason, future analyses will need more complete determination of addresses after the end of employment.)
We also examined the potential impact of diVerential health status of migrants versus non-migrants. If migrants have more cancer than those who remain in Louisiana, the tendency would be to underestimate the SIR (and vice versa). We indirectly estimated relative health of migrants and non-migrants with information on Louisiana and nonLouisiana deaths and available address information. Among retired workers, migrants had the same rates as non-migrants for all deaths and all cancer deaths. Among non-retired workers who left, migrants had the same rate for all deaths and an apparently lower cancer rate than non-migrants (small numbers). Thus, available data argue against underestimated SIRs caused by poorer health of migrants.
Simulations were performed to estimate residual eVects on SIRs after truncations of known non-Louisiana person-time. The simulation closest to cohort conditions assumed a 5% migrant portion, 80% of migrants' follow up time spent out of state, and a 1:1 ratio for migrant:non-migrant health. A 2.2% increase in eVect was found when person-time after employment for known migrants was truncated (as was done in our analyses). An additional 2.8% increase in eVect resulted when the simulation also accounted for migrants' cases of cancer occurring outside Louisiana. This suggested that our findings may be underestimated to a similar small degree because we could not ascertain migrants' cases of cancer.
Finally, an important limitation in interpretation of this study is its reliance on surrogates for work related exposures. We were not able to specify associations with any chemical exposures or process areas, and relations with specific exposures could have been missed in our analyses of broad groupings.
Conclusion
Although no single epidemiological study produces conclusive results, this investigation has provided new information to help answer questions raised by the earlier study. Workers first employed before 1950, who have most of the cancers in this cohort, seem to have slight increases in occurrence of LH malignancy, but not at the magnitude found in the mortality analysis and not including an excess of CLL. Work related patterns for LH malignancies are mixed, with an increased eVect with long duration of employment, but no consistent association with jobs in diVerent plants. Further interpretation is limited by diVerent possible aetiologies among the diverse LH malignancy subtypes, and by our inability to control for potential confounding by non-work factors other than sex, age, race and period of diagnosis.
Results for those first employed in or after 1950 are based on fewer cases, but show no indication of an excess of LH malignancy. Numbers were too small for meaningful analysis of CLL and other LH subtypes in recent workers. No further study is recommended at this time. More time must elapse before recent workers in this cohort can be studied in more detail.
This study has shown the usefulness of state cancer registry information in studying an occupational cohort, and has shown how a company and a state agency can collaborate to more rigorously examine a suggestive finding from a mortality surveillance study.
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